Abstract Indigo blue is a natural dye used for thousands of years by civilizations to dye fabric blue and it is naturally obtained from Isatis tinctoria. I. tinctoria is not only used for extraction of indigo blue color but also used medicinally in Traditional Chinese Medicine because of its active compounds. Sodium dithionite (Na 2 S 2 O 4 ) is used in dye bath for indigo blue extraction, but this reducing agent and its derivatives are major pollutants of textile industry and subsequently have hazardous influences on public health. Herein, the present study was designed to obtain the high yield of natural indigo dye but with low possible toxic effect. In this context, genotoxic effects of particular combinations of natural dye solutions obtained from Isatis tinctoria subsp. tomentolla with Na 2 S 2 O 4 as reducing agent were investigated. Dye solutions were obtained using two different pH levels (pH 9 and 11) and three different concentrations of Na 2 S 2 O 4 (2.5, 5 and 10 mg/ml). In addition to the dye solutions and reducing agent, aqueous extracts of I. tinctoria were assessed for their genotoxicity on human lymphocytes. For in vitro testing of genotoxicity, chromosomal aberrations (CAs), sister chromatid exchanges (SCEs) and mitotic indexes (MI) assays were used. Accordingly, Na 2 S 2 O 4 caused significant increases in CA and SCE as well decrease in MI but the genotoxic effects of sodium dithionite were reduced with natural indigo dye. As a result, aqueous extracts of Isatis leaves removed the toxic effects of sodium dithionite and showed anti-genotoxic effect. For the optimal and desired quality but with less toxic effects of natural dye, 2.5 mg/ml (for wool yarn) and 5 mg/ml (for cotton yarn) of Na 2 S 2 O 4 doses were found to be the best doses for reduction in the dye bath at Ph 9.
Introduction
The blue dye indigo is one common natural dye stuff and it is a general name addressed to the different plant species including Isatis indigotica and Isatis tinctoria (Brassicaceae), Baphicacanthus cusia (Acanthaceae), Polygonum tinctorium (Polygonaceae), Indigofera suffrutticosa and Indigofera tinctoria (Fabaceae) but interestingly, indigo plants do not contain indigo blue but instead they accumulate the indigo precursors including indican and isatan and also some indole derivatives such as isatin, indirubin, hydroxyl indoles and their glucosides (Gilbert et al. 2004; Zou and Koh 2007) . The indigo blue is one of the world's most important industrial chemicals but it has been progressively replaced with synthetic ones. Natural and synthetic indigo dyes are called vat dyes which means that they require to be suitable the addition of reducing agents to their water soluble leuco-form before dyeing under alkaline conditions. For this process, sodium dithionite (Na 2 S 2 O 4 ) has been considered as a best reducing agent in traditional and industrial dying but the reducing agent releases sodium sulphate, sulphite and thiosulphate ions into the media. Those ions not only cause environmental concerns as major pollutants of the modern textile industry waste waters but they present also no negligible risks of toxicity against living organisms (Vourema et al. 2008; Dogan et al. 2005) .
Numerous studies concerning the genotoxic effects of synthetic indigo and its dye solutions have been performed (Dixit and Goyal 2013; Bhattacharjee 2014; Bazin et al. 2012; Sarıkaya et al. 2012 ) and mutagenic activity of synthetic indigo was revealed using Ames test (Rannug et al. 1992) . Furthermore, the lethal doses of patent blue and indigocarmin was reported to be 50 mg/ml (Sarıkaya et al. 2010) . Although indigo was also used as food dye, given the statistically significant occurrence of tumors, sythetic indigo (blue 2) is not recommended for human consumption (Kobylewski and Jacobson 2010) .
Natural Isatis plants, some indigo precursors and indirubin were also tested for their genotoxicity (Candido-Bacani et al. 2011 ) and indirubin and its derivatives were found to possess low toxicity (Zhen et al. 2007 ). In natural Isatis plants, some indigo precursors and indirubin known as red isomer of indigo were also tested for their genotoxicity (Candido-Bacani et al. 2011 ) and indirubin and its derivatives were reported to possess low toxicity (Zhen et al. 2007) . Various biological activities including antifebrile, anti-inflammatory, antiviral, antimicrobial, detoxifying purposes, restenosis and skin psoriasis (Hoessel et al. 1999; Chiang et al. 2013; Liau et al. 2007 ) and antileukemic activity against myelocytic leukemia in Traditional Chinese Medicine (Hoessel et al. 1999 ) have been reported for indirubin and its derivatives (Hoessel et al. 1999) . Studies with respect to the monitoring the possible toxic effects of plant species are of great concern for public and environmental health for desired sustainable life comfort. According to previous reports, genotoxic effects of synthetic indigo and its dye solutions and natural indigo plants were examined (Candido-Bacani et al. 2011; Calvo et al. 2011) but to the best of our knowledge, no previous reports in relation to the genotoxic and cytotoxic effects of natural indigo dye solutions with sodium dithionite using human peripheral blood lymphocytes (PBLs) have been published.
Chromosome Aberration (CA) and Sister Cromatid Exchange (SCE) assay in PBLs are recognized as a useful indicator for cytogenetic and genotoxic tests respectively (Timocin et al. 2016; İstifli and Topaktaş 2013) . High level of CA in PBLs is associated with an increased risk of cancer and also predicts genotoxic risk of potentially mutagenic and carcinogenic chemicals (Kocaman et al. 2014; Norppa et al. 2006) . SCEs involve the exchange of DNA segments between two sister chromatids and increase of SCE frequency in PBLs indicates its genotoxicity (Kocaman et al. 2014; Albertini et al. 2000) .
The activity and quality of plants and their commercial or industrial products are based on their metabolite content. The possible anti-genotoxic potency of the Isatis leaves might be attributed to the metabolite profile and their quantity in addition to the optimized extraction conditions such as pH, concentration, temperature etc. Hereby, the current study was addressed to determine the possible alleviation roles of Isatis leaves on adverse effects of sodium dithionite used as a reducing agent in dye solutions. In this context, (1) the metabolite profile of Isatis leaves was monitored using high pressure liquid chromatography, (2) genotoxic effects of dye solutions and control groups were assessed, (3) cotton and wool yarns were dyed with indigo dye solutions, (4) and finally, best indigo dye solutions were classified based on the dye quality and genotoxic results.
Material and method

Plant material
Isatis tinctoria subsp. tomentella was used as a natural indigo source. The seeds of the plant were collected from Göksun-Kahramanmaraş (1200 m) and the plants were scientifically identified by Prof. Dr. Ahmet Ilçim (plant taxonomist) using Flora of Turkey and East Aegean Islands (Davis 1965 Indigo precursors and indirubin analyses in I.tinctoria subsp. tomentolla leaves by High Performance Liquid Chromatography (HPLC).
The indigo precursors (indican and isatan-b) and its red isomer indirubin were extracted from fresh leaves of I. tinctoria according to the method proposed by Zou and Koh (2007) . Since isatan-b is unstable and easily-affected by environmental conditions and there is no chemical standard for isatan-b available, the presence of isatan-b was revealed by our research group using LC-MS (Karaman et al. 2016) .
To measure indican and indirubin yields, firstly, 4 g of fresh leaves were ground using a mortar and extracted with 40 ml THF by ultrasonication for 20 min in triplicate (40 9 3). The solvent was evaporated in a vacuum evaporator. Separation of the compounds in the extracts was performed by a liquid chromatography system (HPLC) Agilent 1100 series (Agilent Technologies, Santa Clara, CA, USA) equipped with an UV detector and C18 column at 280 nm. The elution solvent was water/acetonitrile (40:60), with a flow rate of 1 ml/min and analyzed for 37 min. The extract was resolved with 2 ml acetonitrile then the solution was filtered through a 0.45 -ll filter and 20 ll of the solutions were injected in to HPLC. The indican and indirubin peaks were identified using synthetic indican and indirubin references (purchased from Sigma-Aldrich) Indican was quantified by a calibration curve obtained from 5, 10, 50, 100, 250, 500 and 1000 ppm and indirubin was prepared 5, 10, 25, 50, 100 and 200 nM as a standard solutions. The reference chromogram peaks of isatanb, indican and indirubin were observed at a retention time of 2.7, 2.4 and 4.96 min, respectively.
Preparation of plant extracts and dye solution
The rinsed Isatis leaves were cut into 1 cm widepieces and placed into the bottles. Distilled water was added to sealed bottles and then left to fermentation at room temperature for a day. At the end of the fermentation period, leaves was separated by filtration and the fluids were allocated to two equal volumes, one part of fluids were left for analysis as aqueous extract (AE) and the other fluids sample was splitted into two parts and then the pH of each fluids part was set to 9.0 and 11.0, respectively, using 2 N NaOH (Merck) solution (Stoker et al. 1998) . After adjustment of pH, 100 mL solution were measured and then various (2.5,5 and 10 mg/ml) concentration of Na 2 S 2 O 4 (Merck) were added for reduction of indigo at 60°C for one hour (Karaman et al. 2013 ). The following methods were used for genotoxic analysis and dye process.
Dying procedures
The cotton and wool yarns were dyed at different pH (9 and 11) and Na 2 S 2 O 4 (2.5, 5 and 10 mg/ml) concentrations. For this purpose 1 g of yarns were dipped into 100 ml dye solutions and then were incubated for 60 min at 50°C in water bath. During the dyeing process, stirring and aeration were performed manually every 15 min for 1 min. Finally, dyed yarns were rinsed with tap water (approx. 500 mL) three times for the removal of excess unbound dyes and yarns were exposed to air (Balfour-Paul 1998). The colors detected from different dye solutions were evaluated by comparing each sample with standard blue scale. Also CIE-L*a*b* coordinates of dying yarns were measured with Spectra Flash Spectrophotometer in the Kipaş Textile Company laboratory (Kahramanmaraş, Turkey).
Lymphocyte cultures
Peripheral blood cells were obtained from six healthy non smoking (3 male and 3 female) donors (aged 23-24). The same subjects were used for all performed assays according to IPC guidelines (Albertini et al. 2000) . Ethics committee of the Kahramanmaraş Sutcu Imam University was informed and approved the protocol for the study.
Chromosomal aberrations (CA) and sisterchromatid exchange (SCE) assay
The tests were conducted according to method proposed by Ç elik et al. (2010) . The tests were conducted according to the method published by Ç elik et al. (2010) . Whole-blood sample (0.3 ml) was cultured in 4 ml Chromosome Medium B (containing fetal bovine serum, heparin, antibiotics, phytohaemagglutinin) (Biochrome, Berlin Germany) supplemented with 10 lg/mL-1 of 5-bromodeoxyuridine (CAS no: 14930-96-2) for SCE assays and incubated in the dark at 37°C for 72 h. Two series of experiments were carried out. 80 ll test samples which were dye solutions prepared at two different pH values (9,11) and three different Na 2 S 2 O 4 concentrations (2.5, 5 and 10 mg/ml) were added to tubes and cultered for 48 h (Ç elik et al. 2010; Al-Zubairi et al. 2010; Anupama et al. 2008; López Nigro and Carballo 2008) . A negative control (untreated blood cells) and a positive control mytomycin-c (MMC, CAS no: 9754) were used for testing. Furthermore, to reveal the genotoxic effect of Isatis plant, AE (aqueous extract), Na 2 S 2 O 4 ? AE and MMC (control mitomycin-c) ? AE were also tested. In our preliminary study 10 mg/ml Na 2 S 2 O 4 caused elevated CA and SCE so we decided to use 5 mg/ml Na 2 S 2 O 4 dose for comparing as control group. To arrest the cell cycle at metaphase stage, colchicine (0.06 lg/ml) was added to each tube during the last 2 h. The cultured peripheral blood lymphocytes were harvested by treating with KCl (75 Mm), which spreads chromosomes and hemolyzes the red blood cells, and then fixed with freshly prepared methanol: acetic acid (3:1 v/v) for 45 min at ?4°C. At the end of this procedure, the following steps including I) washing twice with fixative, II) slidestaining with 5 % Giemsa (pH = 6.8) prepared in Sorensen buffer solution for 20-25 min, III) washing with distilled water, IV) drying at room temperature, V) mounting with depex were followed. Chromosomal abnormalities were counted from 100 well-spread metaphases per donor (totally 600 metaphases per concentration). The mean frequency of abnormal cells of structural and numerical CAs and the number of CAs per cell (CA/cell) were calculated. The mitotic index (MI: number of metaphase/total interphases and metaphases) was scored by recording the number of metaphases in 1000 cells for each donor. MI was calculated according to the OECD Guideline (1997). For the SCE study, the slides were stained using the Fluorescence Plus Giemsa method (FPG) technique according to the method described by Hazen et al. (1985) . For this purpose, 1-day-old slides were covered with Sorensen Buffer (pH 6.8) and irradiated with UV light (254 nm) for 30 min. After irradiation slides were incubated in 1 9 SSC (150 mM NaCl, 15 mM sodium citrate) at 58-60°C for 60 min and stained with Giemsa (5 % in Sorensen Buffer) for 20 min (Kaya and Topaktaş 2007; Kocaman et al. 2014; Timuroglu et al. 2014) .
The SCEs were measured from 25 cells per donor. Replication Index (RI) was calculated according to the following formula RI = [(1 9 M1) ? (2 9 M2) ? (3 9 M3)]/N, where M1, M2 and M3 represent the number of cells undergoing first, second and third mitosis, respectively, and N represents the total number of metaphases scored which were measured for 100 cells from each donor (Schneider et al. 2004; Timoroglu et al. 2014) . All chemicals used were of highest purity.
Statistical analysis
All variables were analyzed by SPSS software with z-test for the percentage of abnormal cell, CA/cell, RI and MI, and t-test was used for SCE. Results were expressed as the means ± standard error. The multiple comparison of mean data among negative control, positive control, Na 2 S 2 O 4 and exposed groups was performed by one-way analysis of variance followed by Duncan test.
Result and discussion
Determination of indigo precursors and indirubin in I.tinctoria subsp. tomentolla leaves HPLC chromatogram of I. tinctoria is given in Fig. 1 . Indican, indirubin and isatan-b compounds were identified and quantified according to HPLC results. Indican amount was found to be 4.26 mg/g and indirubin yield was determined to be 117.48 lg/g in the fresh leaves.
The indican results obtained herein were close to the previous studies (Kokubun et al. 1998; Gilbert et al. 2004; Zou and Koh 2007; Rocha et al. 2011; Campeol et al. 2006; Angelini et al. 2007) . Indirubin results were similar or lower than those in the previous studies (Liau et al. 2007; Gilbert et al. 2004; Zou and Koh 2007; Chen et al. 2011) . Indigo content (2.80 mg/ g) was previously reported by our research group (Karaman et al. 2016 ). The results were higher than in the reports by Gilbert et al. (2004) and Campeol et al. (2006) but lower than in the study by Kokubun et al. (1998) . The difference in literature concerned their content and quantification might be attributed to the plant species, extraction method, and harvesting time.
Chromosome aberration (CA) test
Results with respect to the chromosome abberation test are collectively represented in Table 1 . Accordingly, eight types of CA (chromatid and chromosome breaks, sister union, dicentric chromosome, chromatid exchanges, fragment, ring chromosome, dicentric chromosome and polyploidy) were obtained in the studied materials. The chromatid-type abberations were observed much more frequently than the chromosome-type abberations. Figure 2a shows the chromatid breaks in indigo dye solutions. The highest chromosomal aberrations were found by positive control MMC followed by Na 2 S 2 O 4 (5 mg/ml) treatment (p \ 0.001). The differences of frequency of abnormal cells and the number of CA per cell were not significant for the aqueous extracts of Isatis (AE) and the negative control. The lowest percentage of CA was obtained from negative control and AE group, respectively. Although Na 2 S 2 O 4 application alone had significant toxic effects on abnormal cell and CA, AE ? Na 2 S 2 O 4 (5 mg/ml) treatment showed low CA and abnormal cells. Also this treatment was statistically insignificant when compared to the negative control (Table 1) . Na 2 S 2 O 4 application alone and increasing concentrations of dye (5 and 10 mg/ml) caused aberrations and high numbers of abnormal cells, and CA per cell at both pH (pH 9 and pH 11) levels when compared with negative and positive control. Generally, in 2.5 mg/ml Na 2 S 2 O 4 treatments at the two different pH, there were no significant differences in the abnormal cell ratio and the number of CA as compared to negative control. It is obvious from Table 1 that water extract of Isatis leaves also decreased the toxic effect of MMC, resulting in the number of chromatid break, chromatid exchange, dicentric chromosome fragment and polyploidy cells in the AE ?MMC reduced by half compared to MMC application alone. The current study showed that Na 2 S 2 O 4 application significantly increased the frequency of CA and abnormal cell in human lymphocytes. High chromotid and chromosome breaks have been observed as main abberations at higher Na 2 S 2 O 4 applications in dye solutions. Abnormal cell and CA/cell proportion were higher at increasing Na 2 S 2 O 4 concentrations (5 and 10 mg/ml) in the study. Sodium dithionite is known mildy hazardous chemical and toxic effect of Na 2 S 2 O 4 and its derivates for wastewater and ecology were reported by Božic and Kokol (2008) . Gottlieb et al. (2003) studied toxicity of some textile dyes using sodium dithionite as a reducing agent. Güloglu et al. (2004) studied the effects of SO 2 released through air because of the harmful mixture of a sodium hydrosulphite of a sodium hydrosulphite on textile workers and they reported that the effects of SO 2 gases were depended on the intensity and the time of duration. Fig. 2 Photomicrograph showing human metaphase stage in indigo dye solutions with different Na 2 S 2 O 4 concentrations (a 2.5 mg/ml at pH 11, b 10 mg/ml at pH 9, B 0 chromatid break, SCE: Sister-chromatid exchanges) photomicrograph of SCE. As expected, MMC treated cultures exhibited a many fold induction of SCEs followed by AE ? MMC and Na 2 S 2 0 4 applications. Also high numbers of SCEs were observed by increasing the concentrations of Na 2 S 2 O 4 in dye solutions (5 and 10 mg/ml) at two pH levels when compared with positive, negative controls and Na 2 S 2 O 4 . Aqueous extract of Isatis with MMC and Na 2 S 2 O 4 treatments showed lower frequency rate of the SCE than MMC and Na 2 S 2 O 4 treatments alone. Dye solutions with 2.5 mg/ml Na 2 S 2 O 4 concentrations at two pH applications had no statistically significant effects on frequency rate of the SCE in comparison with the negative control but the results were significant when compared to both MMC and Na 2 S 2 O 4 alone treatments (p \ 0.001), suggesting that Isatis exracts might reduce the efficiency of MMC and Na 2 S 2 O 4 applications on the human lymphocytes. A reduction at higher Na 2 S 2 O 4 applications (50 and 100 mg/ml) in dye solution at two pH levels was observed for Replication Index (RI) when compared with the negative control, the positive control and Na 2 S 2 O 4 but the differences in the results were not found to be statistically significant for all control groups.
Sister-chromatid exchange (SCE) and mitotic indices (MI) results
Aqueous extract of Isatis with MMC and Na 2 S 2 O 4 increased the MI in human lymphocytes when compared to the chemicals alone (Table 2) . Surprisingly the lowest MI value were observed for the Na 2 S 2 O 4 application instead of the MMC treatment. Dye solutions including high concentration of Na 2 S 2 O 4 (100 mg/ml) at both pH levels also showed low mitotic index (MI) relative to negative and positive control and Na 2 S 2 O 4 alone (p \ 0.001). Overall these results indicate that increasing concentration of Na 2 S 2 O 4 in dye solutions significantly increased SCE frequencies and decreased the MI as compared with the control groups.
SCE and MI results of the experiment seem to be parallel with chromosomal abberations results with regard to MMC, Na 2 S 2 O 4 and their combination with Isatis extract. According to the CA results, higher Na 2 S 2 O 4 concentrations (5 and 10 mg/ml) in dye solutions gave high SCE results in comparison with the control groups. These results showed that natural indigo from I. tinctoria subsp. tomentolla reduced genotoxic effects of MMC and Na 2 S 2 O 4 . A possible explanation for this might be that the natural indigo dye contains some precursors of indigo besides indirubin. These chemicals are known as A total 600 metaphases were scored for SCE test. 600 metaphases were scored for RI, and 6000 metaphases were scored for the MI; RI replication index, MI mitotic index, M 1, M 2 and M 3 metaphases 1, 2 and 3, respectively, Na 2 S 2 O 4 Sodium dithionite, MMC mitomycin-C, AE antigenotoxic and anti cancerogenic in Traditional Chinese Medicine. Hoessel et al. (1999) reported that indirubin exhibited no toxic effect on bone marrow even in long-term studies. Also synthetic indirubin was reported to be a good antitumour agent and had only minor toxicity in animal models (Hoessel et al. 1999) . Mutagenic effect of the natural chemicals and some Isatis sp. were studied by some authors. Hesbert et al. (1984) compared the genotoxicity of natural indigo with synthetic indigo using Salmonella/microsome mutagenicity test and clastogenic potential was observed by micronucleus test in the bone marrow of male mice. The authors found that natural indigo exhibited no significant genotoxic effect. Dominici et al. (2010) studied the genotoxicity of water and DMSO solutions of indigo naturalis prepared from Indigofera tinctoria leaves using the cytokinesisblocked micronucleus (CBMN) assay on human metabolically active HepG2 cell line. For both solutions, cytotoxicity was below 10 % and not higher than the control. The results of this study indicated that indigo naturalis exhibited neither cytotoxicity, nor genotoxicity for all tested concentrations, which may justify excluding Indigofera and its components from the list of carcinogenic agents. Studies by Jongen and Alink (1982) support the present results, they examined the mutagenic potential of two natural and seven synthetic commercial indigo products and they reported that natural products showed no mutagenicity in Salmonella typhimurium strains TA98 and TA100 but all of the synthetic products were found mutagenic. Also our results coincided with previous studies by Candido-Bacani et al. (2011) which evaluated genotoxic and mutagenic effects of acute (24 h) and repeated (14 day) exposure to isatin as indigo precursor in vivo, and the results showed that the mutagenic and genotoxic effects of isatin depended on dose and-exposure period.
In contrast, a study by Calvo et al. (2011) reported the mutagenic activity of the methanolic extracts of Indigofera truxillensis and I. suffruticosa in the Salmonella/microsome assays using TA100, TA98, TA102 and TA97a strains. The methanolic extract of I. truxillensis showed mutagenic activity in the TA98 strain. The alkoloid fraction of both the species including indigo, indirubin and indigo were found mainly responsible for the mutagenic activity.
In our experiment, the significant increase in the CAs and SCEs were observed at high concentrations of Na 2 S 2 O 4 in dye solutions. This study supports the clastogenic potential of this reducing agent. Our result can be confirmed by a report on the genotoxic effects of synthetic indigo dye that Rannug et al. (1992) tested for the mutagenic effect of pure cotton and jeans fabrics extracts and synthetic indigo derivates using the Salmonella typhimurium strains TA98 and TA100. The mutagenicity of the indigo dyed fabrics was reported to be dependent on type and treatment of the fabrics. Mutagenic effects on TA98 ± S9 and TA100 ± S9 have been observed on both bleached and non bleached jeans. The greatest effects were seen in the presence of S9. Normal washing of the fabrics after bleaching reduced mutagenicity. They reported that considering the amount of indigo in the extracts and its low mutagenicity, the toxic effect of jeans extracts must be caused by other unknown components. In another study by Karslı-Ç eppioglu and Yurdun (2012) exhibitited results similar to those published by Rannug et al. (1992) that reported indigo and indigoid dyes would be genotoxic at higher concentrations. It is probable that a genotoxic effect might occur among those individuals that have worked with these dyestuffs. Dixit and Goyal (2013) stated that the reproductive toxicity was caused by indigo carmine in Swiss albino mice. An other report by Bazin et al. (2012) on toxic effects of synthetic indigo dye, Bazin et al. (2012) indicated agonistic and antagonistic estrogen activity of several textile dyes and extracts of blue jeans textiles wastewater samples and that several textile dyes were potential endocrine disrupting agents.
Dying performance
The main colors obtained from cotton and wool yarns at different pH and Na 2 S 2 O 4 levels are given in Fig. 3 . Dark blue colour was observed in wool yarns at both pH values and all Na 2 S 2 O 4 concentrations, whereas lighter blue color was obtained from cotton yarns at both pH levels and all Na 2 S 2 O 4 concentrations. While light blue colour observed at 2.5 mg/ml Na 2 S 2 O 4 at the cotton yarn, dark blue colours were obtained from 5 mg/ml Na 2 S 2 O 4 concentration at both pH levels. Table 3 shows CIE Lab coordinates of the dying yarns. Because the lighter blue colour obtained from 2.5 mg/ml Na 2 S 2 O 4 , the colorimetric speration failed at this concentration. Therefore dyeing yarns with 5 mg/ml and 10 mg/ml Na 2 S 2 O 4 treatments were analzed for colorimetric specification with CIELab system. The coordinates describe the shade of the dyeing: L * value describes lightness, a * value defines the red/green value (positive mark = red, negative mark = green) and b * marks the yellow/blue value (positive sign = yellow, negative sign = blue). Dyed cotton yarns showed darker color (L = 49,74) at pH 9 and 50 mM Na 2 S 2 O 4 treatment. Wool yarn showed high L* values at 10 mg/ml Na 2 S 2 O 4 treatment. Dyed cotton and wool yarns showed blue shade with negative values of b* and all yarns showed green shade with negative values of a* coordinate. Komboonchoo and Bechtold (2009) reported that optimum dye quality would require optimized dyeing baths of indigo which depends on pH, temperature, ratio of dyestuff and reducing agent, etc.
In the final part of the experiment, taken together dying yarns and the results of genotoxic analysis the better dye solution could be prepared with 2.5 mg/ml Na 2 S 2 O 4 for wool yarn and 5 mg/ml Na 2 S 2 O 4 for cotton yarn because of dye quality and efficiency. One of the more significant findings to emerge from this study is that antigenotoxic effects of Isatis leaves in water and dye solutions were revealed.
Conclusion
In the present study we tested the genotoxic effect of natural indigo dye solutions to determine lower toxic dose of Na 2 S 2 O 4 . Sodium dithionite is most commonly used as a reducing agent in textile industries due to low cost and dying properties. Toxic sulfides produced by Na 2 S 2 O 4 not only cause serious environmental problems but also posses potential risks for textile workers. Hence, determination the non-toxic concentration of reducing agent for workers health but yielding the desired dye quality are of great concerns. From the study, we concluded that 2.5 mg/ml (for wool yarn) or 5 mg/ml (for cotton yarn) Na 2 S 2 O 4 could be used as reducing agent in indigo dye solution, lower doses exhibited no genotoxic effect on PBLs.
Antigenotoxic effects of Isatis leaves in dye solutions were revealed in this study. Indigo and indirubin in natural dye solution might reduce the Further studies should be focused on the determination of the different chemicals besides sodium dithionite. The study should be repeated using natural compounds or enzymes for reduction of indigo in dye solution. Also genotoxic and allergen effect of colored yarn and textile material can be investigated in future studies.
